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(54) Printed circuit board manufacture utilizing electroless palladium 

(57) This invention relates to a new way of manufac- 
turing printed circuit boards by providing a circuit Doard 
with d CMCuit pattern, holes and lands of copper ; cover tng 
the Circuit pattern with a soice' mask, and contacting the 
board with an electroless oalladium solution for a suffi- 
cient tirr^e to provide a final finish layer of palladtum at a 
sufficient thickness to protect the copper deposits in the 
holes and on the lands frorri oxide formation and being 
lelati^eiy smooth and flat to provide good solderability 
and gocd wire bonding capabilities. The copper circuit 
pattern holes and lands is generally provided by plating 
copper onto the board ^hen the oalladtum layer may be 
provided directly onto the copper or onto a layer of elec- 
troless nickei which is initiai'y aeposited jpon tne copper. 
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Description 

Technical F^eld 

The present invention relates to a method for making a printed circuit board wherein palladium is deposited eiec- 
trclessly onto the boards or an intermediate layer of electroiess nicke! to provide a plated substantially flat surface having 
good solderabiHty and wire bonding prooetties. 

Backqrounc Ai t 

Electronic component manufacturers are constantly looking for improved and less expensive methods for fabricating 
Printed Circuit Boards ("PCBs"). One such method tnat has gained much success is referred to as surface mount tech- 
nology ("SMT"}. SMT involves the attachment of components directly to board surfaces via bonding pads, which allows 
for greater miniaturization and reduced costs oy providing increased component density. 

As PCB design evolves, many of today's printed circuit boards comprise both SMT and standard thrcugh-hoie fea- 
tures. This "mixed technology" necessitates the need for good solderability of the surface mount components on the 
PCB surface, as well as good solderability of leaded components m the through-hole. Surface mount component attach- 
ment !S achieved by first applying a solder paste to the significant pads of the PCB, placing the surface mount components 
onto these pads and heating the PCB to melt the solder and both mechanically and electrically secure the components 
to the board. 

In order to have a successful soldering operation, the surfaces of the circuit pads and holes contained in the ^03 
must be highly solderable. The pads of the boards for component attachment must have a generally flat surface and the 
solderability of all surfaces prior to assembly should be maintained during prolonged storage. 

In addition, miniaturization techniques involving on-board assembly of components by direct chip attachment fol- 
lowed by wire bonding requires the ideal finish to be both solderable and wire bonaable. 

One of the most prevalent methods of preparing a circuit board for SMT is the hot air solder leveling method. With 
this method, solder is first applied by immersing the board into mioiten solder, removing the board with a layer of solder 
thereon, and then blowing off excess solder by means of hot air. The metal finish produced on PCBs by this method 
provides good solderability to the board surfaces; however, the resultant surface on the pads is not sufficiently flat for 
reliable component attachment. Furthermore, the thickness of metal coating obtained at the entrance to the holes is in 
many cases too low to prevent intermetallic copper-tin compounds from adversely affecting final solderability Soldering 
of components to the boards must therefore be completed relatively quickly after the hot air solder leveling method is 
used. This is often difficult to do since the components to be soloered to the boards are often acded by someone other 
than the board manufacturer. 

An alternative method utilizes electrodeposited tin-lead which is subsequently fused after plating. However, PCBs 
produced by this method also suffer from the same problems seen with hot air solder levelling. 

Instead of using fused tin-lead solder for through-hole plated boards, an electroplated coating of tin-lead which is 
sufficiently thick to prevent significant penetration of intermetallic compounds with the plated layer can be applied and 
used in the non-fused condition. Unfortunately non-fused tin-lead is intrinsically less solderable than fused tin-lead and 
also, the coating beneath the soldermask often melts dunng the wave-so!dering operation, thus adversely affecting the 
adhesion of the soldermask. in addition, tin-lead coatings are generally not wire bondable. 

Other finisnes that have been considered for SMT as a replacement for hot air solder leveling include organic coat- 
ings, typically triazole derivatives. These materials react with the copper surface of the PCB to form a very thin protective 
layer. While organic coatings are inexpensive to apply, their ability to provide long-term retention of solderability to copper 
IS relatively poor, fn addition, wire-bending to These materials is not possible. 

Electroiess deposition of tin-lead would be an attractive alternative, and although certain electroiess tin and tin-iead 
processes have been proposed in the past, they have not thus far found widespread commercial acceptance because 
they are both expensive and difficult :o operate. To date no completely successful electroiess tin or tin-lead process has 
been found and the limitations as to tm-tead deposits would stitl apply. 

The use of a relatively thick (i.e., 2.5 micron) ncn-porous electroiess gold coating could also be considered, since 
it IS highly corrosion resistant and flat, but tne ■'efiabiiity of the solder joint is relatively poor due to the formation of brittle 
gold-tin intermetallic compounds In addition, the cost of this coating is extremely high such that it is not economically 
viable. 

More recently a system has been intrcducec which is designed to meet the criteria for both flatness and long term 
solderability This system uses a thin immersion gold coating deposited over an electroiess nickel-ohosphorous alloy 
coating (Ni-3%P). The electroiess nickel coating (approximately 55 microns) is highly corrosion resistant ana prevents 
diffusion of copper frcm the suDstrate. The thin gold coating (less than 0. 1 micron) prevents oxidation of the niCKei coating 
and thereby enhances soiderabiiity. 
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^he present ^venticn relates :c a n^et^oc tor '7ianu'acr:uring prirtec cucjit tosias dv prcviding a c;icuit t^oafC having 
a ci'cuit panern ncies ana -ands ot ccpcer jovenng the circuit ijattern /vitn a soiaeimasK anci cc:ntactir^G tne zca'C 
,vitt' ar. eiec:rc;eis ijailadiorn sciuiicn ^ci a suficeri: tir:ne :o provide a 'inai fir^ish iaye- cjf Dai ac un^ or a palladiurT- al!c\ 
at a sufficirrn thlc:^ness tc protect the ccppe' aepcsits ir', the holes ar^id jn tht iands from oxioe fcrnnation ar^d Pteifig 
felati^-elv smcoth and 'lat tc p'oviae good solaetabiiity or good wire bending capaciiities The crcoit pattern, hoies ana 
lanes may ce pro^'ded by plating copper onto the Doard, preferably by ar electroplating process. 

In one emr,cdir"ent, the t:al!adiLm s deposited Directly onto the exposec copper surfaces of the holes and lands of 
the board at a th.ckness of between accut 0.025 to 2. Sum and preferably about 3 1 to lum Alternatively, a layer sf 
electroless mc^ei can initially oe aeDcs;tec onto the e<ocsed copper surfaces or the holes ana anas on the board wiih 
the palladium then ::eposited upon the nickel deposit In this embodiment, the njcKel may be oeposited at a thickness 
of between about 0 5 and lOum anc preferably about 0.5 and Sum 

The electroless- oal;aa.uni is plated onto the copper holes and lands of the boards without aetnmentaiiy affecting 
the solaermas^^ ~his is important in re*aininc circuit definition on the boards Also the pallaaium may be deposited at 
a thickness suftic:en: tc prevent diffusicn of cooper therethrough. Thus, a wire can be bended to tne circuit board hole 
to cDtam a ouli force of at least acout 5 grams both initially and after aging for 1 hcur at 175^F- 

Detailed Descnotion o^ the Invention 

The method of the presen* invention produces PCEs having a relatively flat surface, good solderability on the surface 
pads and \r the thrcugh-hoies and tne capability of oeng wire bonced witn gold or aiuminum wire. As noted above, this 
method is based on the apoiication of an electroless. autccatalytic palladium coating, which is applied either directly to 
the copper surfaces of the PCB or onto ar intermediate layer of electroless nickel. 

Eiectrcless palladium plating solutions are readily avaiiaole in the art and r^ost of them are suitable for use in this 
invention Examcles of such soluticns are described n ^he Metai Fimsninq Guicebook , which describes immersion 
palladium, and are further described ir U.S. Patents 5,292,361, 4,424,241, 4,341,845, 4,279,951 and 4.255,194, the 
content of each ct which is e>press.y inccrporated herein by reference thereto Tfiese patents describe methods and 
solutions for depositing pallacium ana palladium alloys by electroless methods, but none of them disclose methods for 
manufacturing RGBs or the use of eectroless palladium in the manufacture of such boards. 

The PCEs A/nicn are to be subjected to electroiess palladium plating already have a circuit pattern formec on one 
or bcth surfaces of the bcarc and generally include a number of through holes as well. The boarcs may be simply 
immersed mtc the cesired electroless paltadiurTi plating solution for a sufficient time to preferably deposit at east about 
0 2 to 0 5 micions o* pa:iactum. Thus, thicknesses greatei- than 01 micron, which are -eouired for gold wire oond appli- 
cations, can oe 0Dta:ned easily These depcs.ts are relatively smooth anc have gooa solderability as well as good wire 
boncing caoaDnities The wires can oe successfully bonded with eithe- thermosonic or ultrasonic techniques. 

The orccess o cost effe-ctive n that the metal cost cf palladium is aoout one third that of goia In addition, the density 
of the pai.acium coating is significantly less tnan goic so at the same thickness, there s sucstantiaily less weight of 
psiiaaium relative tc ^cid, maKing the pnce c* tne pallaoium decosit mucn more economtcally attractive. 

-nether advantage cf tnis orccess jS that tne coope- 'rem :he circuit oattems ;vfll notdiffuse easny *hrcugh calladium 
sc tnat tne aopiicaticn cf pailaaium airectly cve^ the ccooer presents no caicuities :n the case cf gcid. a mcKei barrier 
^;=v;^r '^xis: .ce aDciieo tc prevent tn- .ainusicr of .ccooer into the gcia ayer Besioes tne cost oenefit m eliminating the 
e'ectroiess mcKei orccessmg 5teo cocoe-- nnefent v soicers bette- than the \i-^ Alleys of *he electroiess mcKei steo 
"'cvioec ::^at :he oa iacium s s^rf c en:!y *hrcK :c orotect :he ccocer 'rom oxice 'crmaticn anc. at the same time, suri- 
c;er::v f^r ,.e. accro.-'imate;y Z *-3.2 mic;cns so as :c *uilv ::issoive n tne scioer curing waveform soiaering, the 
ccccer caiiacium coating M\i\ orcy-ce cette^ 5c:cerac.iity *han a Ni-^ immersicr goiC or Ni-!='Da!taaium coating. Since 
0£: ac,^m *c^ms '^te- -r^etantcs vv;:'' jn -^^c" -^cie sicwiy -na" goiG. mere -eiacie sctce' ,cints are acnievec ^sing t^is 
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^ further advaritage of the electroless palladiurr! process is :hat the chemical makeuo and operating conditions of 
the process will not attack the typicai scldermasK materials that are used in PCB manufacture. 

Soldermask is a permanent coating applied towaras the end of the PCB manuTaciuring process, after the circuitry 
has been imaged, developed and efectropiated with acid copper. After soldermask is applied, only those areas of the 
PCE that will be subsequently involved in soldering or bonding operations are exposed. This primarily consists of the 
plated through holes for leaded component attachment by wave soldering and surlace lands for surface mount compo- 
nent attachment through the application of a solder paste. Soldermask protects certain circuitry from becoming soldered 
auring the wave soldering operation. If all the circuitry were exposed to the molten solder wave, the fine copper traces 
in close proximity to one another would become soldered together, causing bridging between the circuits ana rendering 
*ne PCB completely useless. 

Immediately after soldermask is apolied, the PCB's are cut and routed, no longer providing a continuous pathway 
foi electric current to pass. This is why electroless processes, rather than electrolytic processes are requirec at this 
stage of manufacture. !t is necessary for the electroless or electroplating solutions to not detrimentally affect or remove 
ttiis soldermask, or the circuit patterns will not be properly defined. The present electroless palladium solutions are fully 
acceotable .n this lecaid, since the soldermask is relatively unaffected when contacted by these solutions. 

In certain situations, the copper circuit patterns can be first provided with an electroless nickel deposit prior to the 
apphcation of the electroless palladium deposit. The nickel provides an excellent corrosion resistant barrier to the under- 
lying copper, while the top layer of the palladium metal provides a substantially flat deposit having better solderability 
than the nickel deposit. In this arrangement, the nickel deposit should preferably be between about 2 and 4 microns, 
with tne palladium layer preferably having a thickness of being between about 0.1 and 0.5 microns. 

Electroless nickel processes are well known in the art. Typical processes are disclosed in D. Crotty, "Electroless 
Nickel Bath Types, Chemistry and Uses", Proceedings of EN Conference 93 : November 10-12, 1993 and G. Mailory 
"The Electroless Nickel Plating Bath", Proceedings of the Electroless Nickel Conference : November 6-7, 1979, the con- 
tent of each of which is expressly incorporated herein by reference thereto. 



EXAMPLES 



The scope of the invention is further described m connection with the following examples which are set forth for 
purposes of illustration of certain preferred processes of the present invention and which are not to be construed as 
limiting the overall scope of the invention m any manner. 

The substrate used for a!! tests was a cooper clad laminate, type FR-4. which is a composite of epoxy and glass 
fiber that is commonly used in the PCB industry. Prior to testing, the PCB's are first electroplated with acid copper and 
provided with a soldermask utilizing techniques which are generally known in the art. 



E>:ar r ple 1 



The following process sequence was applied to a PCB having exposed copper at the hole pads and surface lands 
after soldermask application. 

1 Clean the PCB by immersing into an acidic cleaning solution typical of that used in industry for 3 minutes at a 
temperature of 40°C. 

2 Rinse thorougnly with deionized water at ambient temperature. 

3 Microetch the exposed copper with an acidic solution of sodium persulfate for 1 minute at SS^C 

4. Rinse thorougnly with deionized water at ambient temperature. 

5. immerse the PCB into a solution of 20% v/v hydrochloric acid for 1 minute at ambient temperature. 

6. Activate the copper surface by immersing the PCB into an acidic palladium cnlonde solution containing 1 00 ppm 
palladium for 1 minute at ambient temperature. 

7. Rinse thorougnly with deionized water at ambient temperature. 

8. Deposit electroless nickel from a solution containing nickel ions, nickel complextng agents and sodium hypopnos- 
pnite as the reducing agent for 20 - 25 minutes at a temperature of 85'C to achieve a total nickel-phosphorous alloy 
coating of about 3um. 

9 Thoroughly rinse with deionized water at ambient temperature. 

10 Deposit electroless palladium from a solution containing oalladium ions, palladium complexing agents and 
sodium hyoophosphite as the reducing agent for 6 - 8 minutes at a temperature of 60°C to obtain a palladium- 
phosDhorcus alloy coating of about 0.5am. 

1 " . ^hcroughiy rinse with deionized water at SO^'C. 
12. Dry 
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':: z-A.nc c::ces3 sej^e^ce .vas acc; ::: sane sia': ng - .vr.zr ,vas ^zez ti r^Aar^c^e ' ane- acicer- 
'"^asr acciiJ3T;cn 

^ Clean t^e PC5 Dy ;'T^r:er£,rc :n:c ar ac;G;c cleaning sciuticr rypicai cf tha: jsea nc^st"/ ^cr 3 "rmLies ai a 
tenoe^ature of ^O'C 

2 "inse thorcucniy with ae!on[:;ea /jatei at amcie^t temoeraiLre 

3 Microeich The exocsec cccper A'th an ac;G:c soiuncn 3T 3od um per5u!ta:e *:;r ' n^inute at 35-C 
- -inse thorouchly wirh jeicnizec 'A/atei at amcient tennoeratLre 

5 inn-ierse the PCB into a sciu:ion of 20°o /.v nycrochlcric ac;d tor 1 m;nu:e at ainb en: ten^peratLjre 

6 Actr.dte the copper surface cy in^rTiersing the ^CB r:tc ar- acidic pdilaJiu:!! cnicride soiuiion contamirg ^OC ocni 
pailaoiurn for 1 [mnjie at aiTnoie^t tempefatuie 

7 ninse thoroughly with deionized water at amoient temoerature. 

S. Deposit electrO'less nickei frorn a soiution containing nicKe ions, nicxe! comolexing agents and sodium hypophos- 
phite as the reducing agent for 20 - 25 minutes at a temoerature of 35-'C :o achieve a total n.cKel-phcGcnorous alloy 
coating of about 3am, 

9. Thoroughly rinse with deionized water at amoient temoerature. 

^0 Deposit immersion geld from a solution containing potassium gold cyanide and organic carboxylic acics for 15 
minutes at a temperature of aoout 35'C to achieve a total gold thickness of about 0 lum). 

1 1 Thoroughly nnse with deion.zed water a; 60 = C 

12 Cry 

The resultant deoosits were bright anc uniform Solcerafciiity testing performed by a wetting balance method exhib- 
ited an average wetting force of 200 LiN'mm at 2 seconds over a wide variety of accelerated aging conditions, however, 
the overall cost for this process was about 20% greatei than for that of Example 1 due to the increasec cost of the gold 
metal m the process 

Example 3 

The following process sequence was applied tc the same starting PCB which was used in Example 1 after solder- 
mask application. 

1 Clean tne PCE by immersing into an acidic cleaning solution typical of that used in .ndustry for 3 minutes at a 
temoerature of ^O 'C 

2. Rinse thoroughly with deionized water at amoient temoerature. 

3. Vlicroetch the e.<DOsed copper with an acidic soiution of sodium persulfate for " minute at 35'C. 
^. Finse thoroughly with deionized water at ambient temoerature. 

5. Immerse the PCB into a solution of 20% v/v nycrochlcric acid for 1 minute at amb;ent temoerature. 

5. Activate the copper surface by immersing the PCE nto an acidic palladium chloride solution containing 100 pom 

palladium for 1 minute at amoient tempeiature 

^ Finse thcrouchty with aeionized water at amoient temoerature. 

c. Ceccsit eiectroiess pailaci jm from a sciuticn containing pailaoium ions, palladium ccmplextng agents and sodium 
hypoonosphite as the recucmg agent 'cr 3 4 minutes at a temperature of 50'C to ootain a oalladium-phosphorous 
ailcv coating of about 0T5um 

9. thoroughly :";nse with ceicnisea wate^" at 60 'C. 
-C Zry 

"^.^ "-^suitant n^^-ccsits wer- se'^i-orignt and jnifcrm SoiCe^ability' testing was ner^crmec: ov A^ave soiciennc and 
evaiLatmc *he ce'centage area /vettec with scicer ^he oa'^eis e<niD!tec gcoo solderao:.;!, ove^ a /anety of acceieratec 
aging ccnc.tions. 

Example,- Comcarative' 

'he fc^ cwing c^ccess sec^e'^ce /^as aoc':ea tc tne same star: ng ^CE ,wn\zr. was ^sec Examc.e ' arte' sclce^- 
masr acciicaticn 
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1 C.ean the PCB by immersing into an scidic cleaning solution typical of that used in industry for 3 minutes at a 
temperature of 40"C, 

2, Rinse thorougnly with deionized water at ambient temperature. 

3, Microetch the exposed copper with an acidic solution of sooium persulfate for 1 minute at 35'C. 

4, Rinse thorougnly with deionized water at ambient temperature. 

5 Immerse the PCB into a solution of 20% v/v hydrocnlonc acid fcr 1 minute at ambient temperature. 

6. Activate the copper surface by immersing the PCB into an acidic palladium cnlonde solution containing 100 ppm 
palladium 'or 1 minute at ambient temperature. 

7. Rinse thorougnly with deionized water at ambient temperature. 

8. Deposit electroless nickel from a solution containing nickel ions, nickel complexmg agents and sodium hypopnos- 
phite as the reducing agent for 20-25 minutes at a temperature of 85"C to obtain a totai nickei-phospnorous alley 
coating of about Sum. 

9. Thoroughly rinse with deionized water at ambient temperature. 

10. Deposit tmmersion gold from a solution containing potassium gold cyanide and organic carboxylic acids for 15 
minutes at a temperature of 85^0 to obtain a gold thickness of about 0 lum. 

1 1 . Thoroughly rinse with deionized water at oO^'C. 

12. Dry. 

The resultant deposits were bright and uniform. Soiaerability testing was performed by wave soldering and evaluating 
the percentage area wetted with soider. The panels exhibited good solderability over a variety of accelerated aging 
conditions. However, the overall cost for this process was about 500% greater than for that of Example 3 due to the 
increased cost of the gold metal and the use of the electroiess nickel. 

Example 5 

Wire bonding tests were concucted on a number of different electroless deposits using a gold wire of 1 mil dianneter 
and an ultrasonic method. As noted above, the substrate was a conventional copper plated FR-4 laminate which is 
widely used in the printed circuit board industry. The results are illustrated in Table 1 below: 



Table 1 



1 ^ . - 
ueposit 


GRAM PULL FORCE 




As Plated 


After 1 Hr <a) 1 75°F 


Electroless Ni/P (S.Oj^mj 
Electroless Pd (0.5um) 


6-15 


7-1 1 


Electroiess Ni/P (S.Oum) 
Electroless Pd (0.1 Sum) 


5-10 


5-10 


Electroless Ni/P (S.Oum) 

Electroless Au (0.1 Sum) (Comparative) 


5-12 


0-12 


Electroless Pd (O.Sum) 


8-13 


5-13 


Electroless Pd (0.1 Sum) 


5-10 


0-10 



The results show that an electroiess palladium deposit having a thickness of about O.Sum on the copper circuits or 
an electroless palladium deposit naving a thickness of about 0.1 5um over an electroless nicke! deposit provides good 
bending to gold wire ooth initially and after aging at 1 75^'F for 1 hour. 

While there has been shown and described what are considered to be preferred emoodtments of the invention, it 
wiil of course be uncerstooo that various modifications and changes in form or detail could readily be made without 
departing from The spirit of the invention. It is therefore intenced that the invention be not limited tc the exact form and 
detail herein shown ana described, nor to anything less than the wnole of the invention herein ciscicsed as hereinafter 
Claimed. 
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Claims 




2. - n^etrct:^ :cr msnLTacT'jnng Dnrted crcjit Claras wn cn condenses 

oroviG ng a circuit beard ^ith a circL.it oattern, ncies anc 'ancs of ccpoei" 
covering :he circuit oattern witt" a sciaer-nask, ana 

cortacitng ire bca:':i witb an eiectrciess pailaaiurT^ solijt:on for a sufficient :;me tc provide a ^inal finish layer 
of oallaciom or a pailadiur^ a. Icy at a surficient thtcKness tc protect the copper deposits in the noies ar^c on the lanes 
*'cm oxide fo'rT^aticn ano ceirTy -eiativeiy snxcth anc r'.'at to orovide good wire Dcncmy capaciiities 

3. The nnethod of claim ^ ct 2 which further comcnses ;:rovia[ng the circuit pattern holes anc lanes by electroplating 
copoer onto the board 

4. The method of ciarm 1 o^ 2 wnich further con^prises depositing the palladium airectly onto the exposed copper 
surfaces of the noles and lards of the board. 

5. The method of ciaim 1 or 2 whicn further comprises oepositing the palladium tc a thickness of between about C.025 
to 2 Sum 

6. The method of claim 1 or 2 which further comprises decositing the palladium :o a thickness of between about 0 1 
to lLim, 

7. The method of c;aim ^ or 2 wnich further comprises depositing a layer of eiectrciess nickel onto the exposed copper 
surfaces of the holes and lands of the board and then depositing the palladium upor the nickel deposit 

3- The method of claim 7 which further comprises depC'Siting the e!ectroless nickel layer to a thickness cf between 
about 0.5 and 10um and then depositing the palladium upon the nicke! layer 

9. The method of claim 7 wnicn further comprises depositing the eiectrciess nickel layer to a thickness cf between 
about 0.5 and Sum and then deoositing tne oalladium upon the nickel layer 

10. The method of c:aim 8 or 9 whicn further corrprises depositing tne palladium at a thickness of aoout 0 025 to 2. Sum. 

1 1 . The method of claim 3 or 9 which further comprises cepositing the palladium at a thickness oi about 0.1 to 1 um 

12. The method of claim 1 or 2 wherein the eiectrciess palladium is deposited onto the coppei^ deposits without deiri- 
mentahy affecting the scioerrnask. 

1 3. The method of claim '2 which fu.'ther comor;ses depositing the palladium at a thickness sufficient tc prevent diffusion 
of cooper therethrojgn 

14. The method cf any of the oreceding claims v/ncr further comonses bending a wire tc a circuit board land tc ootain 
a pull force o* at least about 5 g-'ams both mitia ly anc after aging 'or 1 hour at 1 ^5'^ 
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